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Abstract

In recent years, Enterocytozoon hepatopenaei (EHP) has seriously threatened the healthy growth
of shrimp. In order to accurately and quickly detect this pathogen, the conserved gene fragment
ptp 2 of EHP was selected as the target sequence, and TagMan-MGB real-time fluorescent quantit-
ative PCR primers and probes were designed and synthesized. At the same time, the amplified spe-
cific PCR target gene fragment was cloned into pMD18-T vector to obtain the recombinant plasmid
standard. By optimizing the reaction conditions, a real-time fluorescent quantitative PCR method
for EHP TagMan-MGB was established, and the sensitivity, specificity and reproducibility of the me-
thod were analyzed. The results showed that the optimal annealing temperature of the reaction sys-
tem was 56°C, the concentration of primers in the upstream and downstream was 10 pmol/l and
the probe concentration was 5 pmol/L; the sensitivity detection limit can reach at least 2.7 x 102
copies/reaction. The specificity test showed that the method had no cross-reaction with WSSV,
IHHNV and SHIV, and only had specific amplification with the target pathogen. The repeatability
test shows that the method has good repeatability and stability. The established detection method
has been applied to the detection of clinical samples. The results show that this method has a similar
sensitivity to TaqMan fluorescence quantitative PCR. The above results show that the TagqMan-MGB
real-time fluorescence quantitative PCR method for EHP has high sensitivity, good specificity and
reproducibility, and is suitable for the detection and monitoring of Enterocytozoon hepatopenaei
in shrimp and products.
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1. 5|

A 2 F RN BT % i 3295 (Enterocytozoon hepatopenaei, EHP) /& i 4F 3k 4= BR AR 9% 5 A 77 S Wi 5 7™ 5
g 2 —, AT M0 31 (Enterocytozoon hepatopenaei, EHP) & — &4 i iy 27 2E it vy, B TR
Ft (Fungi) fi ff4 + H 7 (Microsporidia) # £ ] 44 (Haplophasea) 3z 1 H (Chytridiopsida) i i H &}
(Enterocytozoonidae) i ffl H J& (Enterocytozoon) , & 3 2 Bt 45 X #FF (Penaeus monodon) 1 Fg 3£ [ X #F
(Litopenaeus vannamei) [ Fif i i #f 7 HUps (Hepatopancreatic microsporidiosis, HPM)F i . R I 5 ZE5%
WL A{F 225 0E (White Feces Syndrome, WFS) & 42 K18 2245 -5-iF (Monodon Slow Growth Syndrome, MSGS)
SEAEIR[L] [2]0 2009 S 7E 28 [ AR AL 18 1 B Xk ohjle 15 ORI 7 B T i 44, EHP 53 RGBT 0T AR AN L
YRIERTAE, 2013 4 EHP EE N B ORI, 2017 4, REGEE — X IRIR5E 7 LT 15, Lirikik 3
275, S A 2 AR O R R M R L VR X R 55 1 ORPER P2l e 1 — KBRS [3] [4]

FH 30 P J M RO 25 R SR TR D T R (1)) B A6 T e B KRR Bk, DRI, AR A o B S — Pl A
P REATIN T 0 AT A%, AT ORUESR SR RN (O R e . EL AT, RNt iy e M A s
RN 77 T 2T H AU B VB IX PCR V% BB SRR Y 1 )7k JRAL R A A S48 TR 18 (LAMP)
VESE[5] [6], IXEETFVELEAT AT IR . BRAERIEAREE . 5 IR FA MRS 7 TAAAE —E AN 2, 7R KA ]
ISP AN, TV A2 A I R H FORS A I 45 SR 1 S B /R oK
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AR, SERF9OEE f PCR (Real-time PCR)SOR DLIL A LD . SR i AR AS (IR BRSE A A, Bl
T2 TR AR B B R 0 W SR T A 40 . AR T B E P PCR J7%, POLRE R PCR IR IINAN 23 Bt
AR E R A B LS B e, B B RERE s A AUk PCR 4075 G il AL B e FAer il
T SR IS s, A SR S A S (Y AR T 7. T TagMan-MGB #4412 5t € & PCR {#H]
FI—MEOEIREE, L 3 iR KIE BV SOGH MGB 457, TSl Tm (B RIS 4 1 m A A1 T
e ERMRBUE, BAREE 3 A KOG KR A1 15 57 i 5 2 R 25 (8] f A B S BT, A e
iRy RLEs R e, Bk, TagMan-MGB $#REFE NS RS 25 Fois A (0 R Al rh A3 232
FIHI[7]. 2T TaqMan-MGB R4, ABFFLL EHP RO R BOVEEFF A1, Boithe ik sy, &
SLERRT EHP PR BU A TagMan-MGB %6 E & PCR JriE il ik, SEBLB A5 J9TR HEAS:
M5ZWr, ORI E IR IRIELR SR AL B HAR SR -

2. MM ERZE
2.1. FAMALARRL WIS

EHP (AR ). WSSV (R FIBESE A AT TF) & IHHNV (OO A% Ge i B TR G I 3% B R S50 28 )
SHIV (8 ifiL 20 AR5 253 ) BH 14 2 2095 ) P A S 36 =5 45 58 fR A7

Premix Ex Tag™ (Probe qPCR)ik7fl £, DEPC /K& T RKER AW TR AH .

F G LCI6 %t PCR AU TR EH R KA H]; #l#EE T 48[ Eppendorf.

2.2. 5|0 S5ER

IEHL EHP R OR 5T 1) PTP2 JEZH IR BUEAREFH, 1H R TagMan-MGB 7 5V 5 ¥ FHRET .
FIFH BioEdit i bt 56 B [ 37 A4 MR A5 B 10 (NCBI) Genbank A 4% EHPPTP2 Jt R % 1% H WL FE 41,
{8 FH Primer Premier 5.0 B fH4t%F Hbr /P41 2 2R 5 ) 2 1 28R e 519 . %51 901E EHPPTP2 it
TEALE MW 1 (RETTHEN B RU51Y0, A ETTHENRE) . 2R RS I REREr, BEAY TRECRIE)H
BRAE G R, BARFHILE 1,

Figure 1. The sequence alignment results of EHP primers and probe
1. EHP S|¥#0iREt FHIEL 348 R

Table 1. EHP TagMan-MGB fluorescent quantitative PCR primer and probe sequences
= 1. EHP TagMan-MGB ¢ E & PCR 5140F#REt 551

S AERET Name /¥ %1 Sequence
5] % 5’-CCAGGCAACCAAAAACTGCTA-3’
Forward primer
Tl % 5-TGAACCCTTGAGCCATTCCT-3’
Reverse primer
e

TagMan probe 5’-(FAM)-ACAAAGGCAGCACTC-(MGB)-3

KR PCR BRI 51 404 56 B bR DNA FrBL, Tl & BA VR JSURLVE b v i o
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2.3. WRFIABREIIREN

K R A AR 97 R AR R 2H DNA/RNA S GR84S, X EHP. WSSV, IHHNV K& SHIV $2 Ui
IR )5 B-T0°CIRAERH .

2.4. EHP ¥rfEmAYEIE

N T A3 3 AT B AR E 1 EHP P YRR , 75 Z2K T 3G 1 EHP B ¥ F B (58 bp) 7ol I Uk H o HARCA :
FIF 2 1 f EHP R EAT H ML PCR 434, 1531 58 bp M #8724 . MBI HEEER h B 38 7= 4 . K [ml
W= 3] pMD-18-T 34k I, H AT KT DHSa Y, TG FEME 7%, $2EUFUR. DNA, iy % N E
)ik pMD18-T-EHP-PTP2, HI EHP Fxifk it o I8 A% B 70 M A %8 ki ) OD260. OD280 A HJiii i
DNA JRJE, RIS R 2% bn e i B 5 R 7% DU K. e iZbndE ) DNA DL 10 {586 SRR 10°°, —20°C R
7% H
2.5. TagMan-MGB & R {& &

DL EHP AR AR, AR LC96 %) PCR 4 H /T TagMan-MGB PCR 474 . ASII0 K H 1)
MAK % A: 10 uL Premix Ex Taq (Probe gPCR) (2X), 0.4 uL E3#55147(10 uM), 0.4 uL Fi#5143(10 uM),
0.8 uL #R%H(10 uM), 2 uL DNA #4%, J11 6.4 ul DEPC 7K Sz b BARFIAN 522 20 b ONFEFEN: B4E
95 C A 30s; SRJEHEIT 95°CAEME 5s, 60°CIBK 20s, FHEMID RER ST, 40 MEH.

2.6. TagMan-MGB & R & -4t

PAEE ZH BRL pMD18-T-EHP-PTP2 brift it DNA AR, fE 55°C~65CHu [l A, HEIAIRE 1°C i 21k &
HEAT TagMan-MGB %)/t 5 PCR 444, LIFK AR B B A FRBU(CT) RV o0 AL 208 6388 E 80 1R (ARm)
L N B AR K . AR, SRR B RS 2R BE (i 24 4. 6. 8. 10 f& 12 pmol/L)5
TagMan-MGB 5K E (L. 2. 3. 4 F1 5 pmol/L)4 & #E4T TagMan-MGB %)t € & PCR ¥4, L3k
BUE CT A% ARn I IR FBE LA A BAE S| D RIERET IR FE AL
2.7. ¥rifEphER ) K U RIS

HAA TR pMD18-T-EHP-PTP2 LA 10 i FE R AR AR HE it DNA AR, K H AR5 ¥ TagMan-MGB
TREF ROt E f PCR AT BURMERES, AL BARPE D)X 205 CT A (y) 18] (R bR i Ze A2 v [al )3 )7 7%
MRS S ArdE i DNA § 31 CT (B 45 R 5 R
2.8. HFRMRAE

TR [ % TagMan-MGB %68 & PCR M sk AT 98 € & PCR ¥ 34. BL WSSV IHHNV
Je SHIV ARt B S, BRAIE % 77 70 15 -5 oAt /K A Bh W R A7 RS 7 14 58 SR

29. EEMXE

BEPE 3 /N SRR T I EE AL ORI R UE SO AR, #E4T TagMan-MGB %¢ %52 & PCR LY A it B
BRI . [F— RN, AR RS R 3T 3 E S AN B SR . 10 7E A [E B,
[ PR S 07 2644 R 34T 1 3 YR58 6 5E = PCR O it 1A 25 &2 356
2.10. ImAREE R

BT S HIE R EHP TagMan-MGB %4t 5E B PCR M) 278 £y I AREF 28 RE S BEAT AN,  [FIT 5
FRUETT i F ) TagMan 26 i€ & PCR 34T HL#L .
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3. BEREITE
3.1. EHP TagMan-MGB ¥ EE PCR &t R L&

2 L AR RR KR BE KA F 51 A TagMan-MGB R 4H IR AL & I3 I AU, AW EfE EHP
TagMan-MGB %)t %€ & PCR 20.0 pL [ J%ifAZ&, Probe gPCR Mix (2x) 10.0 uL, EHP L Ri#514(10

pumol/L)#% 1.0 uL, TagMan-MGB ##4l(5 umol/L) 2.0 uL, DNA ##i# 2.0 uL, DEPC 7K#ME % 20.0 uL. ¥~
BT N: 95°CHiAEE 30s; 95°C 55, 56°C 45s, HEAT 40 NMEM; 1E 56 CLEHRMNUER NE S .

3.2. TagMan-MGB R EE PCR UM RIELER

H UK pMD18-T-EHP-PTP2 UL 10 fi5#f R RE AR UE & DNA SRR, $2HEIT “2.6”7 Al M 4%
AT 9 8 B PCR RN, &Rl T (298 Y64 ik a6 45 Bt 14 2 2o, EHP TagMan-MGB %4 &€ & PCR
FRRS A PRy 25 4 5 K2 pMD18-T-EHP-PTP2 KRtk it 9 1074, ¥ NIBCH 2.7 x 10% #% /L.

Fluorescence

01:00:00 01:15:00 01:30:00
Time [hh:mm:ss]

e 1~10 2 HIARE FELA TR pMD18-T-EHP-PTP2 #efs4ch 10°, 107, 102, 1073,
104, 10°, 10°%, 107, 108 K BItEXSHE .

Figure 2. EHP TagMan-MGB fluorescence quantitative PCR sensitivity test
[ 2. EHP TagMan-MGB %Yt E & PCR SUE X IE

3.3. FrifEdZ
R 1] 3 19 21 (AN )M RE BE (0 SEIN 9O M 2 DASE AL TR FE (0 B R Ak bR, CAE g Ak

bR, ¢hlbRAErZEan ™. & 3 A7%1, EHP TagMan-MGB 7% & & PCR A B £k (41 % h—4.95, #E
9 34.95, FHRZEN 0.9993, 15 FbriE Lk 72N y = —4.95 x log(X) + 34.95,

35
30
25

4
G 20
=
£ 15
o
To10 y =-4.95x +34.95

5 R?=0.999

0

0 1 2 3 4 5 6
AR ¥ D150 Bllog

Figure 3. EHP TagMan-MGB fluorescence quantitative PCR standard curve
[ 3. EHP TagMan-MGB %Yt E & PCR frfEfhk

DOI: 10.12677/0jfr.2022.93013 118 K= FT


https://doi.org/10.12677/ojfr.2022.93013

TR %

3.4. HRMREER

EHP #17T TagMan-MGB %€ & PCR BRI, WIess R N 4. R R ER, KA
Ky 1) TagMan-MGB %% )6 € & PCR REFX B AR i A 2 1R e d 18, 5 HAh5 I WSSV, IHHNV
Je SHIV TEAE XM o

0.400

0.360

Fluorescence
e o
N w
o N
(=] (=]
i

0.240
2-4

0.200

0.1:00:00 01:30:00
Time [hh:mm:ss]

vE: 1: EHP, 2: WSSV, 3: IHHNV, 4: SHIV.

Figure 4. EHP TagMan-MGB fluorescence quantitative PCR specificity test
[ 4. EHP TagMan-MGB &Yt E & PCR 4551l 18

35 ESMIAEER
EHP TagMan-MGB “¢)f & & PCR B & I LE R0 T 5% 2 Frow, e ikie 5 fik[a) 06 i 48 7 R4k
ZRIAK, YT 1%, Bt bRk 2= AR R R 50T EHP TagMan-MGB %% % 5E & PCR 8 &2 4T

Table 2. Repeatability of EHP TagMan-MGB fluorescence quantitative PCR detection
%< 2. EHP TagMan-MGB ¥ E £ PCR MM ES 14

ik 9056 Within the group of test it IF]0 56 Without the group of test
R MR B IR FIE R E  ERAIU%  CPHE PRERZE  BRRE%
Template dilution Replication  Average Standard Variable Average Standard Variable
value error coefficient value error coefficient
107° 3 19.2 0.067 0.35 18.78 0.061 0.32
10! 3 22.78 0.089 0.39 21.95 0.078 0.36
1072 3 26.35 0.91 0.35 26.47 0.076 0.29

3.6. IaFRH RN

WU EE T 278 Bl St BRI A =, o Sl AR AR 2 (1) TagMan-MGB %% € & PCR
1 SCIT 7232-2020 (HUF AT M U 12 Wi AR ) Y TagMan %6 5 & PCR #EAT EHP FORSIN, Al 45 S 1
W7 3o 25 TR, PIFR T v BE PR A H 2R 4 ik, R T AR FE A Y EHP TagMan-MGB %K)t € & PCR
RIS BRI PRA: it RS DU -5 i e

Table 3. Detection of EHP in clinical samples (278)
5= 3. ImFRAESA(278 43) R EHP HI4&5M

U 278 i
LsRlUWRFR o o .
PBHERE 5 BA PR o Hi
TagMan-MGB %%t 52 & PCR 31 247 11.15%
TagMan %)t & & PCR 32 246 11.51%
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4. 7548
4.1. #hig

URIF A IR B 6, H AT TCRR RO, R g L PR R BRI T, e AT RIS
Wi, RECH BB, A Be RPN S % b A R R

H BT RIS U I 7 M B EHP RSN 572 20, S ANTTIERRE & H LB A HEURIE S R AT 458
ARSI - B DR LA ol ol 6 52 0 S R SEBTRER, ANEAE A HH M AR . £ICPCR HiETHREET 2 Ik
PCR i 2, R MImS K, 75 5 OB BETE . LAMP J792: BRI () R o, (HR 2 S s B 15 4t
BRI, A5 5 A — 7 [ SR RS HEA 200 EHP A A, 159 EHP H KI5 W i A T B

SEIF SO E B PCR 2 1E DNA 734 [ B i e g kl, BEAE IS IIIEAT, X ARGk 8 Gam E 22
ANWrigsE, AT AT A OS] DNA BT &, BASER . PSR a. Hil, SSr5OteE & PCR i
DUFEA AR S Pl B Ji g s A IR 4L 7 0 TR {2, TagMan #7415 & PCR B THREMHC KK,
EAEGUBMEAR S HAR Y A 3, 1T TagMan-MGB % i1 T3 33 MGB 45 &Pl $& s Er (1) Tm {8,
Tm AR K B 4, BURPESE I, TagMan-MGB 54 5] E N BE — AN A, #4tmAs s
HR B3, BIAFAESONES, M. that, MGB 4% 37 il i K I A R L 7% e
[, 55 Jk 1 A 2 [a) PR 5 B0, VR KOBCR BB A, MU AC AR /DN, Fe e PR 73 HR %6 BE AL, TagMan-MGB
PREF A FLR AR 357 25 Bl SRS I O3 BT V2 N . Rk, AR AR TR H EHP Tag-
Man-MGB %32 i PCR Rl A, HARK M AR MAEMEE a1 5, 52m14& EHP TagMan-MGB %% &
PCR o il A4 2 1) 3 2 R 3 A HE IR BT S S I DRV . BRI RRAE S ) 2% . SIPIIR BE BOR IR FE 5
AW LS R S A . AU IRES K R MG I E, RMER) EHP TagMan-MGB %)t & PCR
KB R o BURPER . FROEA R, wIAIE B T IR AR b ARSI o

U FFF P L SRR i 5

'

UFFFRA L B (EHP) 4R P2 E PTP2 HRRFFIK
x4

v

EHP Tagman-MGB R4+ &R 5 it

'

PR v o5 B ) 2

Taqman-MGB 3t PCR 5| #9K B Je 38 KR FE A

v

EHP Tagman-MGB % PCR B ARV B 1%

v

EHP Tagman-MGB %t PCR Rl B R 504
BB R SRR

v

EHP Tagman-MGB %23t PCR BAK I I KA i

Figure 5. Flow chart of EHP TagMan-MGB fluorescence
quantitative PCR detection technology
[& 5. EHP TagMan-MGB %5t 8 PCR U AR FRIZE
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4.2. i

AW TN EHP TagMan-MGB 7% 5% 52 & PCR il /7 i s Mk . 7E R RE S, RFEImAG]
Yoo REF. BEBR . OSSR HEAT RN . AR SIS T E A VE R AL, JTURLBE MR A S ] R ST
TagMan-MGB % ;i€ & PCR il J7 v () R BERATT, Bt it (1)1 4 DR I% 1 32 4iE 23 # EHP TagMan-MGB 7%
J6E R PCR Rl /7 vERS (A28 M S vT Stk o AT 76 SR FH AL 1) S 2E JFURLAE 9 B Ak &, EHP Tag-
Man-MGB %%t 72 & PCR [k MG IR A B 41 5k pMD18-T-EHP-PTP2 A5k it (1 107%, JL#% L% hy 2.7 x 10°
PEUl/pL. B Eih 45 R BoR, 50 WSSV IHHNV & SHIV 25 Hodth 7K 4= S0 JE 25 Te s Je vk
WML, REFVERE, RS 0 S S W I i . B SRR AR I T SO R A T v R
A RIFMEENE. RN, 20730020 N RE T IRARERERE S B EHP Rl b, 5 hru 7 vk s e 8 10
TagMan %€ & PCR FHEG, P93 BHAEAS B AR — 3, R T AB A 1) EHP TagMan-MGB %4t &
H PCR HARME HF H 8 R R 7= 5 RS -SRI, A7k dt s SR A2 W B By e S AR 1 (o0 40 3 B g R
FE.

ELmAB
RSB B H (2020HK143) .
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